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For the last two decades, cooperative investigations into fermenta-
tions of various foods in brine and silage have been carried on by the
U. S. Department of Agriculture and North Carolina State College
(19). Those studies have been especially concerned with fermentation
problems of commercial packers of cucumber pickles.

The main problem, which remained unresolved until the advent of
the present studies on the filamentous fungi, was that of producing firm
pickles. In spite of carefully executed sanitation and brining proce-
dures, many packers were consistently unable to produce pickles of
highest-quality firmness. Furthermore, in certain years, a number of
them experienced the loss, through softening of stock, of the contents
of some or all of the vats filled ‘during the early part of the brining season,

The literature bearing on the bacteriology of the brine-fermentation
of cucumbers in relation to enzymatic softening has recently been thor-
oughly reviewed by Demain and Phaff (9). They concluded that the
much-studied aerobic bacilli, with their high-pH-optima pectinolytic
enzyme systems, appear to play only a minor role in softening. 1In this

1 Cooperative investigations of the Southern Utilization Research and Develop-
ment Division, Agricultural Research Service, United States Department of Agri-
culture, with the Department of Horticulture of the North Carolina Agricultural
Experiment Station, and with the senior author and the late W. Lawrence White
of Harvard University, who died shortly after these studies were begun.

2 Published with the approval of the Director of Research, North Carolina
Agricultural Experiment Station, as Paper No. 903 of the Journal Series.

3 Formerly Research Assistant, Harvard University; now Research Officer,
Forest Biology Division, Research Branch, Canada Department of Agriculture, to
which organization he is grateful for time made available to complete this
manuscript.

* Head, U. S. Food Fermentation Laboratory, ARS, USDA.

5 Associate Chemist, U. S. Food Fermentation Laboratory, ARS, USDA.

8 Formerly Graduate Assistant, North Carolina State College; now Senior
Resident in Medicine, St. Vincent’s Hospital, New York, New York,
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connection, the acid and salt content of curing brines—as well as their
low oxygen tension—would provide highly unfavorable conditions for
the development of aerobic bacilli; essentiaily the same would be true
for the soft-rot bacteria.

The low pH optima (4.0) for pectinolytic enzymes associated with
softening of commercially brined cucumbers (4, 6) would point to fungi
as the enzyme source rather than to bacteria. Although yeasts are
highly acid- and salt-tolerant and are active in cucumber fermentations
(2, 10, 11, 12, 16, 18), enzymological studies on a large collection of
isolates from brines gave no evidence that they would be incriminated
as a potential source of the brine-stock softening enzyme, pectinase (3).
Therefore, it was logical to assume that the softening enzymes known to
be active in brines (4, 6) were introduced with the cucumbers rather
than produced in the brine during fermentation.

Enzymatic studies of various parts of the cucumber plant (Cucumis
sativus L.) disclosed the presence of pectinolytic enzymes in staminate
and pistillate flowers (1, 5) although the specific causative agent(s)
responsible for the enzyme activity was not determined. It was further
observed (13, 14) that about five times as many early-harvested cucum-
bers retained their blossoms as did the fruit harvested later in the season.
Since blossoms already had been indicated as possible carriers of the
active softening enzymes, the specific source appeared to lie with micro-
organisms borne by them. A series of studies were initiated at the
beginning of the 1952 season to investigate populations, identity and
enzyme production of filamentous fungi associated with pickling cucum-
bers and to further substantiate the hypothesis that the requisite enzymes
were chiefly of fungal origin.

Demonstrations (a) that blossoms do carry the softening agents
into commercial vats and (b) that filamentous fungi can produce those
agents have been presented earlier (13, 14). Brinings of cucumbers
from which the blossoms had been detached produced firm pickles;
when those blossoms were included, the resulting pickles were soft.
Adding to the normal complement of retained blossoms further increased
softening. A simple, inexpensive, but effective softening-enzyme con-
trol measure was evolved which consists of draining off the original
cover brine 36-48 hours after the vats are filled and replacing it with
a new brine (13, 14).

The present paper deals primarily with the isolation, classification,
and frequency of filamentous fungi on blossoms, ovaries, and fruit of
cucumbers from commercial fields, a greenhouse, and a commercial
brining station. The remaining aspects will be subjects of other papers.
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MATERIALS AND METHODS

Samples of cucumber blossoms, ovaries, and fruit (Fic. 2) were
collected at weekly intervals from a commercial brining station at Ayden
in eastern North Carolina, from five field locations within 20 miles of
the station, and from a greenhouse at North Carolina State College,
Raleigh (Fi1c. 1). Samples from the brining station consisted of
cucumber fruit typical of stock being sent in by receiving and grading
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Fi. 1. Map showing origin of the samples; sampling locations are explained
in the legend. Field samples were collected from the “A” fields except that the
“B” fields were the source for samples collected in the last three periods at field
location 1 and in the final period at field location 5.

stations which supply the cooperating company, and of blossoms which
had been retained by the fruit. Greenhouse samples were of newly
opened pistillate perianths and of the ovaries which supported them.
Field samples, in addition to the fresh blossoms and ovaries, also in-
cluded fruit typical of that being harvested for brining. Information
about the collections is summarized in TAsBLE I.

Aseptic precautions were observed throughout. All samples were
placed in sterilized paper bags by means of sterile forceps. At the end
of each day of collecting, the samples were refrigerated until the fol-
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lowing morning, at which time they were processed to produce inocula
for culturing.

Each blossom sample, after being weighed, was blended in 0.85%
saline for one minute at 14,000 rpm in a sterile, 50 ml Omnimixer ™ #
blending-chamber. For the fresh blossoms, the dilution employed was
1:10 (w/v); however, a 1:50 dilution was found more convenient for
the desiccated perianths collected at the station.

TABLE [
ORIGIN, NATURE, AND WEIGHT OF SAMPLES COLLECTED

, Average weight (g) Weekly samplings
Source Type st;i’:‘sp?eer Total

a Sample | Unit |Starting| Ending
Five Blossoms® 25 3.51 0.140 | 6/5 1/17 7
commercial | Ovaries 25 12.00 0.480 | 6/5 | 7/17 -7
fields® Fruitd 20 265.4 | 13.3 6/12 7/10 5
Brining Blossoms® | 45-100 | 0.5-2.0 | 0.017 | 6/12 | 7/10 | 5
station® Fruitd 20 313.8 15.7 6/12 | 7/10 5
Greenhouse® | Blossoms® 25 4.15 0.166 | 6/26 | 7/17 4
Ovaries 25 9.68 0.387 | 6/26 | "1/17 4

* Packer variety of cucumbers

b Model variety of cucumbers.

¢ Perianths of freshly-opened, pistillate flowers.
4 No. 1 size, 1 to 1} inches in diameter.

¢ Detached from the fruit at time of sampling.

Weighed samples of ovaries were shaken in 125 ml Erlenmeyer flasks
with equal weights of saline for 10 minutes on a rotary shaker®? at
210 oscillations per minute.

Fruit samples were similarly diluted but were placed in one-liter
flasks which were shaken 100 times by hand.

Inoculation was accomplished by withdrawing and streaking on agar
plates 0.01-gram aliquots of several different dilutions of each inoculum
by means of a calibrated platinum loop. The media used for the isola-
tion of filamentous fungi were Littman’s oxgall agar with streptomycin
(20) and Wickerham’s nitrogen-base broth (30) with glucose, acidified

7 Manufactured by Ivan Sorvall, Inc, Norwalk, Connecticut.

8 It is not the policy of any of the organizations represented by the authors to
recommend the products of any company over similar products of any other com-
pany. The name is supplied for informational purposes. ‘

? Model V, capacity 40 flasks, manufactured by the New Brunswick Scientific
Co., New Brunswick, New Jersey.-
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to pH 3.5-3.7 with tartaric acid and solidified with agar, as previously
described (17). Both media facilitate isolation of fungi by restricting
the spread of most colonies and inhibiting the growth of many bacteria.

After incubation, usually for four days at 28° C, the sets of plates
which had received the most extreme dilutions containing fungi were
selected, the colonies were counted and recorded, and isolations were
made by transferring bits of mycelia directly from the colonies to potato-
dextrose-agar slants, This medium was used to maintain the cultures
and to grow them for identification purposes. Other media employed
in identification were Czapek’s agar for the Aspergilli and Penicillia
(22, 27) and de Vries’s gallic-acid agar in the case of Cladosporium
cladosporioides (Fres.) de Vries (28).

Each of the dilutions used for inoculation was tested for pectinolytic
activity. Also, many of the subsequently isolated fungi were investigated
for pectinolytic activity, and some for cellulolytic activity. The methods
employed were those used by Bell et al. (3, 4, 6) and by White and
Downing (29), respectively. The results are discussed in detail in a
companion paper devoted to populations and softening enzyme activity
of fungi from the cucumber plant (15). However, summarized infor-
mation for the action of the varibus identified species on pectin and for
certain species on cellulose, based on the above report, is included herein,

RESULTS
NATURE AND OCCURRENCE OF FILAMENTOUS FUNGI

A total of 1032 isolates of filamentous fungi was obtained. These
represented at least the 83 different entities listed in TaBLe II. The
number will vary according to the systems of classification employed;
e.g., if the isolates representing the genus Fusarium had been segregated
in accordance with the species-concept of Wollenweber and Reinking

Fics. 2-7. Fic. 2. Left: the blossom and ovary of a freshly-opened pistillate
flower of the cucumber (Cucumis sativus L.); right: a No. 1 size (1 to 13-inch
diameter) fruit with retained perianth. The illustrated structures are typical of
those collected in the samplings. Approx. 0.5 X. Fies. 3-7. Unidentified sporu-
lating fungi; magnification 800 X. Fic. 3. Conidia and seta of unidentified sporu-
lating fungus A. Fic. 4. Unidentified sporulating fungus B. The distinctive but
variable spores and the spindle-shaped “hyphal” cells can be seen. Frc. 5. Chains
of conidia and two single phialides of unidentified sporulating fungus C. FIc. 6.
Conidiophores of unidentified sporulating fungus D with spore-heads borne by
phialides in the second (left) and third (right) types of configuration mentioned
in the text. Fi1c. 7. Several conidiophores of unidentified sporulating fungus E.
Note the peculiar, hyaline spore-bearing tips.
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